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Toplines 
1. We found very few infections and transmission events in 131 educational settings 
during the 4-6 week summer half-term from 1 June to mid-July 2020 
2. Where a SARS-CoV-2 positive case was identified, we did not find any additional 
cases within the household, class bubble or wider education setting when tested   
3. 12,047 participants in 131 schools had 43,039 swabs taken. SARS-CoV-2 
infection rate was: 
a. 3.9 /100,000/week (1 per 25,674; 95% CI, 0.10 to 21.7) in students  
b. 11.3/100,000/week (2 per 17,695; 95% CI, 1.40-40.8) in staff  
4. SARS-CoV-2 antibody positivity  
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a. 10.6% (86/814; 95%CI, 8.5-12.9%) in students  
b. 12.7% (167/1316; 95%CI, 10.9-14.6%) in staff (p=0.14). 
5. Non-white ethnicity and having a history of COVID-19 like symptoms were 
significantly associated with seropositivity in both students and staff, but not 
school attendance or time spent in school during lockdown.  
 
Abstract 
 
Background 
Many countries have started to re-open schools as part of the easing of COVID-19 
lockdown measures but staff, students and their families remain concerned about the 
risk of infection and transmission of SARS-CoV-2 in educational settings. Public 
Health England (PHE), therefore, initiated a prospective national study in preschools 
and primary schools during the summer half-term.      
 
Methods 
The COVID-19 Surveillance in School KIDs (sKIDs) study included two arms: weekly 
nasal swabs for at least 4 weeks and blood sampling with nasal and throat swabs at 
the beginning (early June) and end of half-term (mid-July). 
 
Results 
A total of 12,026 participants in 131 schools had 43,039 swabs taken. SARS-CoV-2 
infection rate of 3.9 /100,000/week (1/25,674; 95% CI, 0.10 to 21.7) in students and 
11.3/100,000/week (2/17,695; 95% CI, 1.4-40.8) in staff. Where a SARS-CoV-2 
positive case was identified, there were no additional cases in the household, class 
bubble or wider education setting when tested. SARS-CoV-2 seropositivity was 
10.6% (86/814; 95%CI, 8.5-12.9%) in students and 12.7% (167/1316; 95%CI, 10.9-
14.6%) in staff (p=0.14). Non-white ethnicity, a history of COVID-19 like symptoms 
and having a healthcare worker in the household were significantly associated with 
seropositivity in both students and staff, but not school attendance, time spent in 
school or level of contact between staff and students.  
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Conclusions 
SARS-CoV-2 infection and transmission rates were low in preschool and primary 
schools under surveillance. Seropositivity rates in students and staff were similar and 
not associated with school attendance during the lockdown. Similar studies are 
needed in secondary schools and higher educational settings. 
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Introduction 
The declaration of COVID-19 as a global pandemic led most countries to close their 
schools as part of their national lockdown measures,1-3 with more than 1 billion 
children and young people – equivalent to two-thirds of enrolled learners worldwide –  
affected so far.4 Although children were recognised to contribute to only a small 
proportion of confirmed COVID-19 cases and rarely developed severe or fatal 
disease,5,6 their role in asymptomatic infection and transmission, which is well-
described for other respiratory viral infections such as influenza, was uncertain. The 
close proximity of children –especially young children – in educational settings could 
lead to rapid transmission not only between the children and staff but also to their 
household contacts and potentially the wider community. This is well-described for 
other viral infections, including influenza, where children are known to be the main 
drivers of infection and transmission.7,8 Experience from previous coronavirus 
outbreaks, including middle east respiratory syndrome (MERS) and severe acute 
respiratory syndrome (SARS), suggest that school closures did not contribute to the 
control of these epidemics.3 School closures not only affects education but can also 
have a negative impact on the physical and mental wellbeing of children,3 especially 
those from vulnerable and disadvantaged backgrounds.9  
In England, a rapid increase in SARS-CoV-2 since early March 2020 led to school 
closures on 20 March and wider lockdown on 23 March.10 Children of key workers 
including healthcare workers and vulnerable children, however, had the option to 
attend school throughout the lockdown.11 Nationally, COVID-19 cases plateaued in 
mid-April 2020 and then declined, allowing gradual easing of lockdown measures.12 
Preschool and some primary school years (nursery [3-4 year-olds], reception [4-5 
year-olds], years 1 [5-6 year-olds] and 6 [10-11 year-olds]) were allowed to open 
from 01 June and some secondary school years (years 10 [14-15 year-olds] and 12 
[16-17 year-olds]) reopened from 15 June 2020 until the end of the summer half-term 
(4-6 weeks).13 Strict social distancing and infection control measures were 
implemented for staff and students, including smaller class sizes and clustering staff 
and students into self-contained bubbles.13 
The decision to re-open schools has been divisive in England and worldwide. Whilst 
the benefits of children returning to school cannot be denied, parents and school 
staff remain concerned about the risk of infection and transmission within 
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educational settings, potentially putting the students, staff and their household 
members at risk of infection. To address this question, Public Health England (PHE) 
initiated a prospective national study monitoring SARS-CoV-2 infection and 
transmission in students and staff attending preschools and primary schools during 
the summer half-term in England.      
 
Methods 
The COVID-19 Surveillance in School KIDs (sKIDs) study involved two arms 
(https://www.gov.uk/guidance/covid-19-paediatric-surveillance).14 In the swabs arm, 
schools across England with least 30 students attending for at least 4 weeks during 
the summer half-term were approached to take part in the study. The investigators 
worked with the department of education, local healthcare Trusts, health protection 
teams and the Local Authority to identify a local experienced person to take nasal 
swabs from students, such as a local nurse or first aider. Staff members self-
swabbed under supervision. For the serology arm, schools that were not 
participating in weekly swabbing were approached in five regions where a paediatric 
investigation team could be assembled: North London, East London, Oxford, Derby 
and Manchester.  
For all schools, the headteacher sent the study information pack to staff and parents 
and asked them to return a signed consent form and completed questionnaire before 
the sampling day. Written informed consent was obtained from staff and 
parents/guardians of participating students and a questionnaire completed at the 
beginning and end of the summer half-term. In the swabbing schools, a nasal swab 
was taken on the same day every week and couriered to the PHE national reference 
centre for testing. The investigators worked closely with schools to test unwell staff 
and students for SARS-CoV-2 either through local testing or by posting swabs to 
their homes. Headteachers, staff and parents were asked to notify PHE if any 
participant tested positive for COVID-19 or was a contact of positive case. At the end 
of the summer half-term, participants were also asked whether they had taken any 
time off school because they or someone in their school bubble had confirmed 
SARS-CoV-2 infection. SARS-CoV-2 positive participants were invited to enrol in a 
household transmission study, where all household members were swabbed and 
then had blood samples take for antibody testing 4-6 weeks later. 
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In serology schools, a team of clinicians, nurses, phlebotomists and administrative 
staff attended the school within two weeks of school opening. Local anaesthetic 
cream was offered to all students before blood sampling. A class teacher was 
present with each student; in some schools, some parents were allowed to attend 
the session with their child at the beginning or end of the school day. A nose and 
throat swab were obtained from the students at the same time. Participating staff 
also had a blood sample and throat swab taken by the investigation team; the staff 
took their own nose swab at some sites.  
 
Laboratory testing 
Swabs were tested and results reported typically within 48 hours. Nucleic acid was 
extracted from samples and analysed by a real-time reverse transcription 
polymerase chain reaction RT-PCR assay on an Applied Biosystems 7500 FAST 
system targeting a conserved region of the open reading frame (ORF1ab) gene of 
SARS CoV-2.15 A positive RT-PCR result was reported to the participant, local 
investigator, head teacher and local PHE health protection team. The participant and 
household members self-isolated as per national guidance. Public health risk 
assessment was undertaken with the school to decide additional measures, 
including isolation of the participant’s school bubble. Serology was performed using 
a chemiluminescent microparticle immunoglobulin G (IgG) immunoassay targeting 
the nucleoprotein (SARS-CoV-2 IgG, Abbott Commerce Chicago, USA).16 
 
Data management and investigations 
Questionnaire data were entered into Microsoft Access and analysed using Stata 
v.15.0. continuous data with a normal distribution are described as mean with 
standard deviation or as median with interquartile range in they did not have a 
normal distribution. Categorical data are described as proportions and compared 
with the 2-test of Fisher’s exact. To account for missing data on student/staff status, 
we assumed that the student:staff ratio in participants with missing information was 
the same as the proportion with available information. Tests for association with 
SARS-CoV-2 antibody positivity were performed using logistic regression. A 
multivariable regression model was built using likelihood ratio tests and included 
factors that were statistically significant in the univariable analysis, or that did not 
have large amounts of missing data. School attendance was not statistically 
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significant in the model for student and not included in the multivariable analysis. 
Being unwell with COVID-19 like illness or having confirmed COVID-19 were not 
included in the multivariable analyses because of their strong correlation with 
seropositivity. Univariable analysis including only participants in the complete case 
multivariable analysis was performed in addition to the final multivariable analysis to 
ensure that the results were consistent. Differences between schools were tested for 
using clustering on the final multivariable models. 
 
Results 
In total, there were 12,026 participants in 131 schools with a median of 93 (IQR, 62-
155) participants in the 86 schools taking part in weekly swabbing and 43 (30-69) in 
the 45 schools participating in serology testing (Figure 1). Overall, 59.1% 
(6,441/10,890) of those with available data were students and 40.9% (4,449/10,890) 
were staff (Table 1). Of the 43,039 swabs taken, 23,358 (59.3%) with available 
information were from students and 16,052 (40.7%) were from staff. The number of 
swabs taken increased from the beginning of June 2020 and peaked in the last week 
of June before declining. One student and five staff had detectable SARS-CoV-2 on 
their nose or throat swabs. Three (two previously symptomatic, one asymptomatic) 
staff had very high RT-PCR cycle threshold values (>39) consistent with very low 
viral load, and, when the sample was concentrated and re-analysed, tested negative; 
all three were also antibody negative 4-6 weeks later. Of the remaining confirmed 
infections, the single asymptomatic student was a child of a healthcare worker who 
had been symptomatic and tested RT-PCR positive on nasopharyngeal swabbing 
four weeks previously (Table 1). After adjusting for missing staff/student status, we 
estimated a swab positivity rate of 3.9 (1/25,537; 95% CI, 0.10 to 21.8) per 100,000 
students and 11.3 (2/17,554; 95% CI, 1.4-41.2) per 100,000 staff per week of testing. 
 
8 
 
 
 
Figure 1. sKIDs participating sites in England. The red dots indicate schools taking part in 
the blood sampling arm and the green dots indicate in the weekly swabbing arm 
 
Testing of household and school contacts 
As a precaution, all six participants with detectable SARS-CoV-2 on their swabs 
along with their household contacts and school class bubbles were asked to self-
isolate for 14 days. Their household contacts were offered a nasal swab; all those 
tested were negative and none became symptomatic during follow-up (Table 2). 
Additionally, Teacher E’s school bubble was offered nasal swab testing for SARS-
CoV-2 and all were negative. Teacher F worked in a special education needs school 
and was part of an outbreak involving two teachers. This teacher became 
symptomatic and tested positive for SARS-CoV-2 48 hours after the third negative 
weekly swab. Another staff member working in different bubble also became 
symptomatic and tested positive for SARS-CoV-2, leading the school to close for the 
remaining two weeks. Local public health teams tested every student and staff 
member but did not identify any additional cases in the school.  
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Table 1. Characteristics of staff and students participating in school surveillance for SARS-CoV-2  
*Total numbers include data on participants with missing student/staff status 
 
Students Staff Total     
Participants 6441 (59.1%) 4449 (40.9%) 12026 
Missing status 
  
1116 
Sex  
   
Female 3252 (50.9%) 3743 (84.9%) 6995 (64.8%) 
Male 3135 (49.1%) 666 (15.1%) 3801 (35.2%) 
Missing sex 
  
1,230 
Ethnicity 
   
   White 3763 (73.4%) 3238 (84.1%) 7001 (69.6%) 
   Mixed / Multiple ethnic groups 405 (6.3%) 90 (2.0%) 495 (4.1%) 
    Black African / Caribbean / British 213 (4.2%) 124 (3.0%) 337 (3.0%) 
    Asian / Asian British 574 (8.9%) 334 (7.5%) 908 (7.6%) 
   Other ethnic group 173 (2.7%) 49 (1.1%) 222 (1.9%) 
    Missing ethnicity  
  
3063 
    
Total Number of Swabs taken 23358 16052 43091 
Median (IQR) participant numbers in swabs schools  53 (25-96) 35 (20-46) 93 (62-155) 
Median (IQR) participant numbers in serology schools  13 (8-36) 28 (17-36) 43 (30-69) 
Median Number of Swabs per school  53 (25-96) 35 (20-46) 93 (62-155) 
Median (IQR) swabs in swab schools 4 (3-5) 4 (4-5) 4 (3-5) 
Median (IQR) swabs in serology schools 3 (2-4) 3 (2-4) 3 (2-4) 
    
Age (years) 
   
<5 480 (8.4%) 
  
5 1002 (17.6%) 
  
6 996 (17.4%) 
  
7 372 (6.5%) 
  
8 450 (7.9%) 
  
9 484 (8.5%) 
  
10 578 (10.1%) 
  
11 1273 (22.3%) 
  
>11 73 (1.3%) 
  
Missing age 733 
  
Region in England 
   
East Midlands 1080 (16.8%) 561 (12.6%) 1860 (15.5%) 
East of England 259 (4.0%) 140 (3.1%) 429 (3.6%) 
London 971 (15.1%) 1266 (28.5%) 2320 (19.3%) 
North East 418 (6.5%) 202 (4.5%) 946 (7.9%) 
North West 409 (6.3%) 375 (8.4%) 785 (6.5%) 
South East 512 (7.9%) 283 (6.4%) 858 (7.1%) 
South West 485 (7.5%) 308 (6.9%) 899 (7.5%) 
West Midlands 1989 (30.9%) 1154 (25.9%) 3172 (26.4%) 
Yorkshire and The Humber 318 (4.9%) 160 (3.6%) 757 (6.3%) 
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 Region Participant Symptomatic? Infection 
Source 
RT-PCR testing* Retested 
RT-PCR 
Antibody 4-6 
weeks later 
Household 
contacts 
Outcome School 
action 
A London Teacher Symptomatic a few 
weeks previously 
Not identified Throat swab 
(Ct 35.27) 
Positive Positive  
(2.96) 
All negative Likely recovering from past 
infection  
Bubble 
isolated 
B London Teaching 
assistant  
Symptomatic a few 
weeks previously 
Not identified Throat swab 
(Ct 39.97) 
Negative Negative 
(0.02) 
All negative SARS-CoV-2 infection 
unlikely 
Bubble 
isolated 
C London Primary 
school student  
Asymptomatic Healthcare 
worker parent 
Throat swab 
(Ct 31.74) 
Positive Positive  
(6.20) 
All negative Asymptomatic infection Bubble 
isolated 
D South 
East 
Teacher  Asymptomatic Not identified Nose swab  
(Ct 40.05) 
Negative  Negative 
(0.01) 
Lived alone SARS-CoV-2 infection 
unlikely 
Bubble 
isolated 
E Midlands Teacher  Symptomatic Household 
member 
Nose swab  
(Ct 40.03) 
Negative  Negative  
(0.01) 
Lived alone SARS-CoV-2 infection 
unlikely; School bubble 
tested – all negative 
Bubble 
isolated 
F Midlands Teacher Symptomatic Not identified Nose swab  
(Ct 37.53) 
Positive  Declined 
testing 
Declined 
testing  
Another staff member also 
tested positive; whole 
school tested – all negative 
School 
closed 
 
Table 2. Summary of participants with detectable SARS-CoV-2 RNA on nasal/throat swab.  
* RT-PCR Cycle threshold (Ct) 
11 
Serology 
SARS-CoV-2 antibody positivity was 11.9% (253/2,163; 95%CI, 10.5-13.3%) overall, 
including 10.6% (86/814; 95%CI, 8.5-12.9%) in students and 12.7% (167/1316; 
95%CI, 10.9-14.6%) in staff (p=0.14). Antibody positivity varied across the different 
English regions, but within regions was similar between staff, students and 
community based seroprevalence during the same week (Figure 2). In two regions, 
antibody positivity was higher in students than staff but this was not statistically 
significant. For both students (Table 3) and staff (Table 4), after adjusting for other 
variables included in the final model (and differences between schools for staff; 
p=0.0026 for clustering), antibody positivity was associated with non-white ethnicity 
and having a history of COVID-19 like symptoms, but not with school attendance or 
with frequency of school attendance during the lockdown. Students who were 
children of healthcare workers, but not other keyworkers, were also significantly 
more likely to be antibody positive. In staff members, too, antibody positivity was 
associated with having a healthcare worker in the household. Only 20.9% (18/86) of 
seropositive students reported COVID-19 like illness compared to 60.1% (101/168) 
of staff (p<0.001). 
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Figure. Seropositivity in staff and students attending preschool and primary school in five English 
regions compared to regional seroprevalence during the first two weeks of June 2020. Community 
seroprevalence are published weekly by Public Health England.17
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Antibody positive Univariate analysis Complete case univariate 
analysis 
Multivariable analysis Multivariable analysis adjusted 
for clustering by school (p=1.0)  
n/N (%) OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value 
Factor 
 
N=814 N=665 N=665 N=665 
Sex 
  
 
      
   Female 36/413 (8.7) Ref 
0.081 
 
0.34 
Ref 
0.36 
Ref 
0.36 
   Male 50/400 (12.5) 1.50 (0.95, 2.35) 1.26 (0.78, 2.04) 1.26 (0.77, 2.09) 1.26 (0.77, 2.09) 
   Missing sex 0/1 (-) 
 
 
   
 
 
 
Age in years 
  
 
   
 
 
 
    3-6 22/306 (7.2) - 
0.036 
Ref 
0.16 
Ref 
0.37 
Ref 
0.37     7-10 41/305 (13.4) 2.00 (1.16, 3.46) 1.71 (0.97, 3.01) 1.45 (0.8, 2.63) 1.45 (0.8, 2.63) 
    11+ 20/181 (11.2) 1.60 (0.85, 3.03) 1.49 (0.78, 2.88) 1.55 (0.77, 3.11) 1.55 (0.77, 3.11) 
    Missing age 3/22 (13.6) 
 
 
   
 
 
 
Ethnicity 
  
 
   
 
 
 
   White 34/449 (7.6) Ref 
0.0002 
Ref 
0.0015 
Ref 
0.011 
Ref 
0.011 
   Mixed / Multiple ethnic groups 9/75 (12.0) 1.66 (0.76, 3.63) 1.74 (0.79, 3.84) 1.20 (0.52, 2.80) 1.2 (0.52, 2.8) 
   Black African / Caribbean / British 9/52 (17.3) 2.55 (1.15, 5.68) 2.95 (1.3, 6.68) 2.35 (0.97, 5.71) 2.35 (0.97, 5.71) 
   Asian / Asian British 12/92 (13.0) 1.83 (0.91, 3.69) 1.83 (0.88, 3.81) 1.18 (0.53, 2.65) 1.18 (0.53, 2.65) 
   Other ethnic group 20/77 (26.0) 4.28 (2.31, 7.94) 3.72 (1.93, 7.17) 3.48 (1.73, 7.03) 3.48 (1.73, 7.03) 
    Missing ethnicity 2/69 (2.9) 
 
 
   
 
 
 
Region 
  
 
   
 
 
 
    Derby 15/158 (9.5) 0.70 (0.37, 1.32) 
0.0001 
0.77 (0.4, 1.49) 
0.022 
0.59 (0.29, 1.21) 
0.22 
0.59 (0.29, 1.21) 
0.24 
    East London 22/114 (19.3) 1.59 (0.88, 2.85) 1.65 (0.88, 3.08) 1.31 (0.65, 2.62) 1.31 (0.65, 2.62) 
    Manchester 12/168 (7.1) 0.51 (0.26, 1.01) 0.68 (0.33, 1.41) 0.73 (0.33, 1.59) 0.73 (0.33, 1.59) 
    North London 35/267 (13.1) Ref Ref Ref Ref 
    Oxford 2/107 (1.9) 0.13 (0.03, 0.53) 0.25 (0.06, 1.07) 0.40 (0.09, 1.79) 0.40 (0.09, 1.79) 
Been unwell with COVID-19 symptoms * 
  
 
   
 
 
 
     No 68/712 (9.6) Ref 
0.014 
   
 
 
 
     Yes 18/102 (17.7) 2.03 (1.15, 3.58) NA 
  
 
 
 
14 
Attended school during lockdown ** 
  
 
   
 
 
 
    No 17/119 (14.3) Ref 
0.32 
   
 
 
 
    Yes 63/571 (11.0) 0.74 (0.42, 1.32) NA 
  
 
 
 
    Missing attendance 6/124 (4.8) 
 
 
   
 
 
 
Frequency of school attendance during 
lockdown ** 
  
 
   
 
 
 
    Did not attend 17/119 (14.3) Ref 
0.54 
   
 
 
 
    One day or less per week 17/181 (9.4) 0.62 (0.3, 1.27) 
   
 
 
 
    Less than half the week 9/91 (9.9) 0.66 (0.28, 1.55) NA 
  
 
 
 
    More than half the week 13/127 (10.2) 0.68 (0.32, 1.48) 
   
 
 
 
    Everyday 24/172 (14.0) 0.97 (0.50, 1.90) 
   
 
 
 
    Missing frequency 6/124 (4.8) 
 
 
   
 
 
 
Previous confirmed COVID in household 
  
 
   
 
 
 
    No 81/791 (10.2) Ref 
0.086 
NA 
  
 
 
 
    Yes 5/23 (21.7) 2.43 (0.88, 6.73) 
   
 
 
 
Mean (s.d.) no. children at home          
     Seronegative student 2.29 (0.90) Ref 
0.031 
Ref  Ref 
0.065 
Ref 
0.065 
     Seropositive student 2.53 (1.15) 1.28 (1.02, 1.61) 1.3 (1.03, 1.63) 0.027 1.26 (0.99, 1.61) 1.26 (0.99, 1.61) 
Missing number of children 77 (9.5%) 
 
 
   
 
 
 
Parental occupation 
  
 
   
 
 
 
    Neither healthcare or key worker 50/551 (9.1) Ref 
0.024 
Ref 
 
Ref 
0.017 
Ref 
0.017 
    Healthcare worker 21/115 (18.3) 2.24 (1.28, 3.9) 2.23 (1.23, 4.02) 0.035 2.54 (1.33, 4.88) 2.54 (1.33, 4.88) 
    Keyworker (excluding  
    healthcare workers) 
15/148 (10.1) 1.13 (0.62, 2.08) 1.04 (0.55, 1.96) 
 
0.99 (0.5, 1.95) 0.99 (0.5, 1.95) 
Table 3. Risk factors for antibody positivity in students participating in school surveillance for SARS-CoV-2 
*only 12 children were tested for SARS-CoV-2, 4 were negative and 8 did not report their results 
** including these factors in the multivariable model would did not affect the odds ratio  
OR = odds ratio; CI = confidence interval; s.d. = standard deviation 
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Antibody positive Univariate analysis Complete case univariate 
analysis 
Multivariable analysis Multivariable analysis adjusted for 
clustering by school (p=0.0026)  
n/N (%) OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value 
Factor 
 
N=1,316 N=1,150 N=1,150 N=1,150 
Sex 
  
 
      
   Female 129/1044 (12.4) Ref 
0.23 
Ref 
0.071 
Ref 
0.10 
Ref 
0.14 
   Male 39/257 (15.2) 1.27 (0.86, 1.87) 1.45 (0.97, 2.16) 1.43 (0.94, 2.18) 1.4 (0.91, 2.16) 
    Missing  0/15 (-) 
 
 
 
 
 
 
 
 
Ethnicity 
  
 
 
 
 
 
 
 
   White 100/950 (10.5) Ref 
0.0012 
Ref 
0.0019 
Ref 
0.011 
Ref 
0.012 
   Mixed / multiple ethnic groups 8/46 (17.4) 1.79 (0.81, 3.94) 1.47 (0.64, 3.39) 1.28 (0.54, 2.99) 1.31 (0.54, 3.15) 
    Black African / Caribbean / British 19/67 (28.4) 3.36 (1.9, 5.95) 3.38 (1.9, 6.01) 3.13 (1.7, 5.75) 3.19 (1.69, 6.02) 
    Asian / Asian British 25/157 (15.9) 1.61 (1, 2.59) 1.6 (0.99, 2.58) 1.58 (0.94, 2.67) 1.68 (0.97, 2.93) 
   Other ethnic group 3/29 (10.3) 0.98 (0.29, 3.3) 1 (0.3, 3.38) 1.04 (0.3, 3.66) 1.18 (0.32, 4.31) 
    Missing 13/67 (19.4) 
 
 
 
 
 
 
 
 
Region 
  
 
 
 
 
 
 
 
    Derby 7/134 (5.22) 0.3 (0.14, 0.68) 
0.001 
0.35 (0.15, 0.78) 
0.019 
0.38 (0.16, 0.86) 
0.070 
0.35 (0.13, 0.99) 
0.23 
    East London 72/491 (14.7) 0.94 (0.66, 1.35) 1.02 (0.7, 1.49) 0.80 (0.52, 1.23) 0.74 (0.4, 1.38) 
    Manchester 19/189 (10.1) 0.61 (0.36, 1.05) 0.75 (0.42, 1.33) 0.68 (0.38, 1.24) 0.71 (0.32, 1.59) 
    North London 66/428 (15.4) Ref Ref Ref Ref 
    Oxford 4/74 (5.4) 0.31 (0.11, 0.89) Omitted  Omitted  Omitted  
Been unwell with COVID-19 
symptoms 
  
 
 
 
 
 
 
 
     No 67/938 (7.1) Ref 
<0.001 
 
 
 
 
 
 
     Yes 101/378 (26.7) 4.74 (3.38, 6.64) 
 
 
 
 
 
 
Attended school during lockdown 
  
 
 
 
 
 
 
 
    No 34/196 (17.4) Ref 
0.073 
Ref 
0.042 
Ref 
0.048 
Ref 
0.099 
    Yes 130/1034 (12.6) 0.69 (0.45, 1.04) 0.65 (0.42, 0.98) 0.52 (0.27, 1) 0.58 (0.3, 1.12) 
    Missing 4/86 (4.7) 
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Frequency of school attendance 
during lockdown 
  
 
 
 
 
 
 
 
    Only Home 34/196 (17.4) Ref 
0.19 
 
 
 
 
 
 
    Mainly Home 52/467 (11.1) 0.6 (0.37, 0.95) 
 
 
 
 
 
 
    Equal School and Home 42/296 (14.2) 0.79 (0.48, 1.29) 
 
 
 
 
 
 
    Mainly school 26/173 (15.0) 0.84 (0.48, 1.47) 
 
 
 
 
 
 
    Full time 10/98 (10.2) 0.54 (0.26, 1.15) 
 
 
 
 
 
 
    Missing 4/86 (4.7) 
 
 
 
 
 
 
 
 
Student contact during lockdown 
  
 
 
 
 
 
 
 
    None 53/353 (15.0) Ref 
0.58 
Ref  Ref  Ref  
    Occasional 84/663 (12.7) 0.82 (0.57, 1.19) 0.76 (0.52, 1.11) 
0.376 
1.13 (0.64, 2) 
0.74 
1.13 (0.63, 2.03) 
0.71 
    Regular 23/173 (13.9) 0.87 (0.51, 1.47) 0.85 (0.49, 1.45) 1.31 (0.66, 2.63) 1.35 (0.65, 2.77) 
    Missing 8/127 (6.3) 
 
 
 
 
 
 
 
 
Other household occupation 
  
 
 
 
 
 
 
 
    Neither health or key worker 123/1073 (11.5) Ref 
0.0036 
 
0.0064 
Ref 
0.012 
Ref 
0.010 
    Healthcare worker 12/42 (28.6) 3.09 (1.54, 6.19) 3.02 (1.5, 6.09) 2.87 (1.36, 6.06) 3.10 (1.43, 6.75) 
    Keyworker not including  
    healthcare workers 
33/201 (16.4) 1.52 (1.00, 2.30) 1.46 (0.94, 2.25) 1.52 (0.96, 2.38) 1.52 (0.95, 2.42) 
 
Table 4. Risk factors for antibody positivity in school staff participating in SARS-CoV-2 surveillance 
OR = odds ratio; CI = confidence interval 
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Discussion 
Active prospective surveillance identified very low rates of SARS-CoV-2 infection or 
transmission in schools during the summer half-term in England. Only 3/43,039 
swabs from 12,026 participants had SARS-CoV-2 infection. SARS-CoV-2 
seropositivity was 10.6% in students and 12.7% in staff at the start of the summer 
half-term. We found no association between antibody positivity and either school 
attendance or exposure to educational settings during the lockdown period. The level 
of staff exposure to students was also not associated with antibody positivity. 
Instead, non-white ethnicity, being symptomatic with COVID-19 like symptoms and 
having a healthcare worker in the household were major determinants of 
seropositivity in both students and staff. 
 
In England, school re-opening involved a phased, partial opening of preschool and 
some primary and secondary school years during the short 4-6 week half-term, with 
strict physical distancing and infection control precautions. We implemented a two-
arm surveillance programme to assess SARS-CoV-2 infection risk in anticipation of 
all schools reopening fully in September. We successfully recruited large numbers of 
students and staff across a wide range of educational settings and found very low 
swab positivity rates. Three participants with an initial positive swab subsequently 
tested negative with no evidence of antibody development 4-6 weeks later, 
highlighting the risk of false positivity associated with mass testing during periods of 
low community prevalence, even with the most specific assays.18 Additionally, while 
weekly testing was reassuring for the participating schools, both the child of a 
healthcare worker and the two symptomatic teachers could potentially have been 
picked up through effective contact tracing and community testing, respectively. 
Reassuringly, we found no evidence of secondary transmission to household or 
schools contacts of the three index cases. 
 
Serology 
The similar contemporaneous seropositivity rates in staff and students indicates that 
children are as likely to be infected with SARS-CoV-2 as adults and, since they 
represent only 1-3% of confirmed COVID-19 cases,14,19 suggests that they are more 
likely than adults to have asymptomatic or mild disease. This contrasts with recent 
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reports suggesting that children have a lower susceptibility to SARS-CoV-2 
infection.6,20 The few published population-based seroprevalence studies have 
included very few or no children.1 Others have utilised residual sera from children 
presenting to healthcare, random household sampling which is influenced by 
parental risk factors, or been undertaken during  outbreak investigations, making age 
comparisons and interpretations difficult.1 This study is unique in that it allows 
comparison of independent groups of children (students) and adults (staff) from the 
same community. One explanation for the reported lower seroprevalence in children 
compared to adults may be a lower risk of virus exposure during the lockdown. 
 
The lack of association between seropositivity and school attendance during the 
lockdown is an important finding, especially given that only children of keyworkers 
and vulnerable children attended schools during the lockdown. Since keyworkers, 
especially frontline healthcare workers, were more likely to be infected with SARS-
CoV-2,21 and develop COVID-19,22 particularly at the start of the UK epidemic when 
universal testing and personal protective equipment in healthcare settings was 
limited, their children would have been at increased risk of household exposure to 
the virus. Children of healthcare workers were significantly more likely to be 
seropositive than other children in our cohort. At the same time, children remaining 
at home were as likely to be seropositive as those attending school during the 
lockdown. Household secondary attack rates are 10-fold higher than any other 
setting.23 This, together with our findings supports the return of children back to 
school. There are few other similar studies for comparison, but in Sweden, which 
kept preschools and primary schools open with social distancing and infection 
prevention measures, repeated serosurveys among non-COVID-19 primary care 
patients in nine counties during weeks 1821 showed similar seropositivity rates in 
<20 year-olds and working-age adults.1,24 
 
Seropositivity among staff (and students) was similar to community seroprevalence 
at the time, providing additional reassurance that they are at similar risk of infection 
compared to other professions.21 We also found higher seropositivity in staff who did 
not attend school during lockdown. This could be due to the increased risk of 
exposure to high-risk household members, such as healthcare workers and 
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keyworkers, or more opportunities for acquiring the infection in the community, or 
both. For both staff and students, the significant association between antibody 
positivity and a history of COVID-19 like symptoms is an important validation finding. 
The higher seropositivity in black and minority ethnic groups is also consistent with 
the published literature,25 although to our knowledge this the first report in children. 
 
Strengths and Limitations 
The strength of this surveillance is the large numbers of schools and participants 
recruited within two weeks of schools re-opening and highlight the willingness of 
parents to allow their children to take part in school surveillance. An important 
limitation is that the surveillance was conducted after easing of lockdown when SAR-
CoV-2 infection rates were at their lowest. Also, only a few school years were open 
and extensive social distancing and infection control measures were in place, with 
small class sizes clustered into defined bubbles and many children attending school 
for only some days every week. Moreover, the study was open to all staff and 
students but the characteristics of those who took part – and, therefore, risk factors 
such as household contacts – may be different to those who did not consent. 
Additionally, we did not collect samples at the start of the lockdown and, therefore, 
cannot comment on whether seropositive participants might have been exposed to 
SARs-Cov-2 in school prior to lockdown. Finally, our findings cannot be extrapolated 
to senior schools,2 because the risk of SARS-CoV-2 exposure, asymptomatic 
infection and symptomatic disease in teenagers is likely to be different to younger 
children,26,27 with a potentially higher propensity for SARS-CoV-2 transmission and 
outbreaks in senior schools,28,29 compared to primary schools.28  
 
Conclusions 
We found no evidence of an increased risk of SARS-CoV-2 infection in students or 
staff attending school during the summer half-term in England. SARS-CoV-2 
infection rates were very low, with no secondary cases identified among household 
or school contacts. SARS-CoV-2 seropositivity rates were similar in students and 
staff indicating that children do get infected but may be more likely to have 
asymptomatic or mild illness. Similar studies are needed in secondary schools and 
higher education settings where the risk of infection, transmission and disease are 
likely to be different. 
20 
Acknowledgements  
The authors would like to thank the schools, headteachers, staff, families and their 
very brave children who took part in the sKIDs surveillance. The authors would also 
like to thank members of the Department of Education, Department of Health and 
Social Care, London School of Hygiene and Tropical medicine (LSHTM), Office for 
National Statistics (ONS) and Scientific Advisory Group for Emergencies (SAGE) for 
their input and support for the sKIDs surveillance. 
 
Funding: This surveillance was funded by the Department of Health and Social Care 
(DHSC)  
 
Ethics approval: The surveillance protocol was approved by the Public Health 
England Research Ethics Governance Group (R&D REGG Ref: NR0209, 16 May 
2020) 
 
  
21 
References 
1. European Centre for Disease Prevention and Control (ECDC). COVID-19 in 
children and the role of school settings in COVID-19 transmission, 06 August 2020. 
Available at: https://www.ecdc.europa.eu/en/publications-data/children-and-school-
settings-covid-19-
transmission#:~:text=Available%20evidence%20also%20indicates%20that,most%20
develop%20a%20very%20mild. Accessed 02 September 2020. 
2. Levinson M, Cevik M, Lipsitch M. Reopening Primary Schools during the 
Pandemic. N Engl J Med 2020. DOI: 10.1056/NEJMms2024920. Available at: 
https://www.nejm.org/doi/full/10.1056/NEJMms2024920. Accessed: 02 September 
2020  
3. Viner RM, Russell SJ, Croker H, et al. School closure and management 
practices during coronavirus outbreaks including COVID-19: a rapid systematic 
review. Lancet Child Adolesc Health 2020;4:397-404. 
4. United Nations Educational, Scientific and Cultural Organization (UNESCO). 
COVID-19 Education: from disruption to recovery. 2020. Available at: 
https://en.unesco.org/covid19/educationresponse. Accessed: 02 September 2020. 
5. Munro APS, Faust SN. Children are not COVID-19 super spreaders: time to 
go back to school. Arch Dis Child 2020. Available at: 
http://dx.doi.org/10.1136/archdischild-2020-319474. Accessed: 02 September 2020. 
6. Viner RM, Mytton OT, Bonell, C.; Melendez-Torres, G.J.; Ward, J.L.; Hudson, 
L.; Waddington, C.; Thomas, J.; Russell, S.; van der Klis, F.; Panovska-Griffiths, J.; 
Davies N.G.; Booy, R.; Eggo, R. Susceptibility to and transmission of COVID-19 
amongst children and adolescents compared with adults: a systematic review and 
meta-analysis. MedRxiv Posted 24 May 2020. Available at: 
https://www.medrxiv.org/content/10.1101/2020.05.20.20108126v2#:~:text=Conclusio
ns%20There%20is%20preliminary%20evidence,2%20at%20a%20population%20lev
el. Accessed: 02 September 2020. 
7. Jackson C, Mangtani P, Hawker J, Olowokure B, Vynnycky E. The effects of 
school closures on influenza outbreaks and pandemics: systematic review of 
simulation studies. PLoS One 2014;9:e97297. 
8. Cauchemez S, Ferguson NM, Wachtel C, et al. Closure of schools during an 
influenza pandemic. Lancet Infect Dis 2009;9:473-81. 
9. Viner RM, Bonell C, Drake L, et al. Reopening schools during the COVID-19 
pandemic: governments must balance the uncertainty and risks of reopening schools 
against the clear harms associated with prolonged closure. Arch Dis Child 2020. 
Available at: https://adc.bmj.com/content/early/2020/08/02/archdischild-2020-
319963. Accessed: 02 September 2020. 
10. Prime Minister's statement on coronavirus (COVID-19): 23 March 2020. 
Available at: https://www.gov.uk/government/speeches/pm-address-to-the-nation-on-
coronavirus-23-march-2020. Accessed: 02 Septemer 2020 
11. Department for Education (DfE). Guidance: Critical workers who can access 
schools or educational settings, 16 June 2020. Available at 
https://www.gov.uk/government/publications/coronavirus-covid-19-maintaining-
educational-provision/guidance-for-schools-colleges-and-local-authorities-on-
maintaining-educational-provision. Accessed: 02 September 2020. 
12. Public Health England: National COVID-19 surveillance reports 2020. 
Available at: https://www.gov.uk/government/publications/national-covid-19-
surveillance-reports. Accessed: 02 September 2020 
22 
13. Department for Education (DfE). Guidance for full opening: schools. 27 July 
2020. Available at https://www.gov.uk/government/publications/actions-for-schools-
during-the-coronavirus-outbreak/guidance-for-full-opening-schools. Accessed: 02 
September 2020 
14. Ladhani SN, Amin-Chowdhury Z, Davies HG, et al. COVID-19 in children: 
analysis of the first pandemic peak in England. Arch Dis Child 2020. Available at: 
https://adc.bmj.com/content/early/2020/07/28/archdischild-2020-320042. Accessed: 
02 September 2020 
15. Harvala H, Mehew J, Robb ML, et al. Convalescent plasma treatment for 
SARS-CoV-2 infection: analysis of the first 436 donors in England, 22 April to 12 
May 2020. Euro Surveill 2020;25. Available at: 
https://www.eurosurveillance.org/content/10.2807/1560-
7917.ES.2020.25.28.2001260. Accessed: 02 September 2020.  
16. Abbott S, Hellewell J, Munday J, group Cnw, Funk S. The transmissibility of 
novel Coronavirus in the early stages of the 2019-20 outbreak in Wuhan: Exploring 
initial point-source exposure sizes and durations using scenario analysis. Wellcome 
Open Res 2020;5:17. 
17. Public Health England. Weekly Coronavirus Disease 2019 (COVID-19) 
Surveillance Report: Summary of COVID-19 surveillance systems. 2020. Available 
at: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attach
ment_data/file/880925/COVID19_Epidemiological_Summary_w17.pdf. Accessed: 02 
September 2020 
18. Cohen ANK, B. False positives in reverse transcription PCR testing for SARS-
CoV-2 MedRxiv 01 May 2020. Available at: 
https://doi.org/10.1101/2020.04.26.20080911. Accessed: 02 September 2020 
19. Wu Z, McGoogan JM. Characteristics of and Important Lessons From the 
Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of a Report of 
72314 Cases From the Chinese Center for Disease Control and Prevention. JAMA 
2020. Available at: https://jamanetwork.com/journals/jama/fullarticle/2762130. 
Accessed: 02 September 2020 
20. Davies NG, Klepac P, Liu Y, et al. Age-dependent effects in the transmission 
and control of COVID-19 epidemics. Nat Med 2020;26:1205-11. 
21. Which occupations have the highest potential exposure to the coronavirus 
(COVID-19)? 11 May 2020. Available at: 
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentand
employeetypes/articles/whichoccupationshavethehighestpotentialexposuretothecoro
naviruscovid19/2020-05-11. Accessed: 02 September 2020 
22. Office for National Statistics (ONS). Coronavirus (COVID-19) related deaths 
by occupation, England and Wales: deaths registered up to and including 20 April 
2020. 2020. Available at 
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causes
ofdeath/bulletins/coronaviruscovid19relateddeathsbyoccupationenglandandwales/de
athsregistereduptoandincluding20april2020. Accessed: 02 September 2020 
23. Lei H, Xu X, Xiao S, Wu X, Shu Y. Household transmission of COVID-19-a 
systematic review and meta-analysis. J Infect 2020. Available at: 
https://www.journalofinfection.com/article/S0163-4453(20)30571-5/fulltext. 
Accessed: 02 September 2020 
24. Folkhälsomyndigheten. Påvisning av antikroppar efter genomgången covid-19 
i blodprov från öppenvården (Delrapport 1) [Internet]. Stockholm: 
23 
Folkhälsomyndigheten; 18 June 2020. Available at: 
https://www.folkhalsomyndigheten.se/contentassets/9c5893f84bd049e691562b9eeb
0ca280/pavisning-antikroppar-genomgangen-covid-19-blodprov-oppenvarden-
delrapport-1.pdf. Accessed: 02 September 2020. 
25. Pan D, Sze S, Minhas JS, et al. The impact of ethnicity on clinical outcomes in 
COVID-19: A systematic review. EClinicalMedicine 2020;23:100404. Available at: 
https://www.thelancet.com/pdfs/journals/eclinm/PIIS2589-5370(20)30148-6.pdf. 
Accessed: 02 September 2020. 
26. Park YJ, Choe YJ, Park O, et al. Contact Tracing during Coronavirus Disease 
Outbreak, South Korea, 2020. Emerging Infectious Disease journal 2020;26. 
Available at: https://wwwnc.cdc.gov/eid/article/26/10/20-1315_article. Accessed: 02  
September 2020 
27. Gudbjartsson DF, Helgason A, Jonsson H, et al. Spread of SARS-CoV-2 in 
the Icelandic Population. N Engl J Med 2020; 382:2302-2315.  
28. Fontanet A, ; Tondeur, L; Madec, Y.; et al. Cluster of COVID-19 in northern 
France: A retrospective closed cohort study. MedRxiv 23 April 2020; 
https://doi.org/10.1101/2020.04.18.20071134. Accessed: 02 September 2020 
29. Stein-Zamir C, Abramson N, Shoob H, et al. A large COVID-19 outbreak in a 
high school 10 days after schools' reopening, Israel, May 2020. Euro Surveill 
2020;25. Available at: https://www.eurosurveillance.org/content/10.2807/1560-
7917.ES.2020.25.29.2001352. Accessed: 02 September 2020 
 
 
 
 
 
 
 
 
 
 
 
 
 
PHE publications gateway number: GW-1559 
